propenoate (3) was prepared in 2 steps from glycine methyl ester hydrochloride (1). Acid catalysed reactions of 3 with various alkyl-, aryl-, and heteroarylamines 4a-g, performed at 20-80 °C, proceeded by substitution of the dimethylamino group giving the corresponding substitution products, 3-N-substituted methyl (Z)-2-[(tert-butoxycarbonyl)-amino]amino)propenoates 5a-g. Treatment of 3 with ambident 1,3-nucleophiles, such as 2-pyridineacetonitrile (6), 2-aminothiazole (4d), 2-aminopyridine (4f), and 4-hydroxy-6-methyl-2H-pyran-3-one (7) in acetic acid at 85-120 °C afforded fused pyridones 8 and 12, pyrimidones 9 and 10 and pyranones 11 and 13.
Introduction
Quinolizines, pyridinopyrimidines, and related systems with a bridgehead nitrogen atom are the constituents of many naturally occurring compounds and exhibit like their synthetic derivatives various biological activities.
1,2 3-Aminopyridino[1,2-a]pyrimidines have been prepared in the past by reduction of the corresponding 3-nitro derivatives using either titanium(III) chloride or Pd-C in the presence of hydrogen 3 or by hydrolysis of 3-benzoyl-amino derivatives in concentrated hydrochloric acid in yields below 40%. In the last decade, alkyl 2-substituted 3-(dimethylamino)propenoates and their cyclic analogs proved to be easily available, efficient, and versatile reagents for the preparation of a variety of heterocyclic systems. Until now, several
Results and Discussion
Methyl (Z)-2-[(tert-butoxycarbonyl)amino]-3-(dimethylamino)propenoate (3) was prepared in 2 steps from glycine methyl ester hydrochloride (1) which was first transformed with bis(tertbutyl) dicarbonate into N-(tert-butoxycarbonyl)glycine methyl ester (2).11 Compound 2 was then treated with commercially available (Fluka) bis(dimethylamino)-tert-butoxymethane (Bredereck's reagent) in refluxing toluene to give 3 in 55% yield. Treatment of 3 with various alkyl-4a, aryl-4b,c, and heteroarylamines 4d-f in ethanol at 20-80 °C in the presence of equimolar amounts of hydrochloric acid proceeded with substitution of the dimethylamino group giving the corresponding substitution products, 3-N-substituted methyl 2-[(tertbutoxycarbonyl)amino]-3-aminopropenoates 5a-f. Similarly, methyl 2-[(tertbutoxycarbonyl)amino]-3-[(4-methylpyridin-2-yl)amino]propenoate (5g) was obtained from 3 and 2-amino-4-methylpyridine (4g) in acetic acid at 80 °C. Under these reaction conditions, the tert-butoxycarbonyl (t-Boc) group, remained more or less unaffected (Scheme 1).
Scheme 1 Reagents and conditions: i) Boc 2 O, Et 3 N, CH 2 Cl 2 , 20 °C; ii) bis(dimethylamino)-tertbutoxymethane (Bredereck's reagent), toluene, reflux; iii) R-NH 2 (4a-f), EtOH, HCl (aq.), 20 °C (Method A) or R-NH 2 (4g), AcOH, 80 °C (Method B).
On the other hand, treatment of methyl (Z)-2-[(tert-butoxycarbonyl)amino]-3-(dimethylamino)propenoate (3) in acetic acid at 90-120 °C with the following ambident nucleophiles: 2-pyridineacetonitrile (6), 2-aminothiazole (4d), 2-aminopyridine (4f), and 4-hydroxy-6-methyl-2H-pyran-2-one (7), gave the corresponding 3-acetylamino substituted fused pyridone (8) , pyrimidones (9, 10), and pyranone (11), respectively. However, with 2-pyridineacetonitrile (6) and with 4-hydroxy-6-methyl-2H-pyran-2-one (7) in acetic acid at 85 °C, 3-[(tert-butoxycarbonyl)amino]-1-cyano-4H-quinolizin-4-one (12) and 3-[(tert-butoxycarbonyl) amino]-7-methyl-2H,5H-pyrano [4,3-b] pyran-2,5-dione (13) were obtained, respectively. Therefore, the t-Boc group proved to be stable towards treatment with acetic acid up to 85°, while at higher temperatures removal of the t-Boc group followed by acetylation of the free amino group occurred (Scheme 2).The structures of compounds 3, 5a-g, 8-13 were confirmed by spectroscopic methods and by C, H, N analyses. Spectral data of the novel compounds 3, 5a-g, 9, 11-13 are in agreement with the literature data for closely related compounds. [5] [6] [7] [8] [9] [10] [11] Spectral and analytical data of 3-acetylamino-1-cyano-4H-quinolizin-4-one (8) and 3-acetylamino-4H-pyridino[1,2-a]pyrimidin-4-one (10) are in agreement with the literature data for these two compounds, prepared previously from methyl (Z)-2-acetylamino-3-(dimethylamino)propenoate. 10, 12 The configuration of the C(2),C(3) double bond in compounds 3 and 5c was studied using the 2D HMBC NMR technique. The 3JH,CO values (3JH,CO = 4.8 Hz for 3; 3JH,CO = 3.0 Hz for 5c) are in agreement with previously observed 3J values for the Z-isomers of closely related propenoates ( Figure 1 ). C NMR (75.5 MHz) and 2D HMBC (300 MHz, CDCl 3 , 302 K) spectra were obtained with a Bruker Avance DPX 300 spectrometer with DMSOd6 and CDCl 3 as solvents and Me 4 Si as internal standard. IR spectra were recorded with a PerkinElmer 1310 spectrophotometer (KBr discs). The mass spectra were recorded with an Autospeck Q (VG-Analytical) spectrometer in the Laboratory for Mass Spectroscopy (Josef Stefan Institute, Ljubljana). The C, H, N microanalyses were obtained with a Perkin-Elmer CHN Analyser 2400. Flash chromatography was performed on silica gel (Fluka, Kieselgel 60, 0.040−0.063 mm).
Methyl N-(tert-Butoxycarbonyl)glycinate (2). This compound was prepared by a modified procedure described in the literature. 11 A mixture of methyl glycinate hydrochloride (1.256 g, 10 mmol) and anhydrous dichloromethane (40 mL) was stirred at 0 °C (ice bath) for 10 min. Then triethylamine (1.4 mL, 10 mmol) was added and the mixture was stirred at 0 °C for 20 min. The ice bath was then removed, bis(tert-butyl) dicarbonate (2.227 g, 10 mmol) was added, and the mixture was stirred at r.t. for 24 h. The reaction mixture was then washed with water (40 mL), hydrochloric acid (1%, 40 mL), saturated aqueous sodium bicarbonate (40 mL), and finally with brine (40 mL). The organic phase was dried over anhydrous sodium sulfate for 2 h, filtered, and the filtrate evaporated in vacuo to give crude 2, which was used for further transformation without purification. Yield: 95% (1.792 g). 1 H NMR (CDCl 3 ): δ 1.44 (9H, s, CMe 3 ); 3.74 (3H, s, OMe); 3.89 (2H, d, J = 5.6 Hz, CH 2 ); 5.52 (1H, br s, NH).
Methyl (Z)-2-[(tert-butoxycarbonyl)amino]-3-(dimethylamino)propenoate (3).
A mixture of methyl N-(tert-butoxycarbonyl)glycinate (2) (1.792 g, 9.5 mmol), anhydrous toluene (8 mL), and bis(dimethylamino)-tert-butoxymethane (1.74 g, 10 mmol) was stirred under argon at the reflux temperature (oil bath) for 3 h. Volatile components were evaporated in vacuo and the oily residue was purified by flash chromatograpy (diethyl ether). Fractions containing the product were combined, volatile components were evaporated in vacuo, and the solid residue was crystallized from n-hexane to give 3. Yield: 55% (1.278 g) 
Preparation of methyl 3-N-substituted 2-[(tert-Butoxycarbonyl)amino]-3-amino-
propenoates 5a-f. General procedure Hydrochloric acid (37%, 3 drops, ~1 mmol) was added to a solution of methyl (Z)-2-[(tertbutoxycarbonyl)amino]-3-(dimethyl-amino) propenoate (3) (244 mg, 1 mmol) and amine 4a-f (1 mmol) in anhydrous ethanol (3 mL). The reaction mixture was then stirred at 20-80 °C for 2-28 h. Volatile components were evaporated in vacuo, and the residue was triturated with diethyl ether (4 mL). The precipitate was collected by filtration and crystallized from aqueous methanol to give 5a-f. The following compounds were prepared in this manner:
Compound R Method 4a, 5a
4-methoxybenzyl A 4b, 5b phenyl A 4c, 5c
3-methoxyphenyl A 4d, 5d
1,3-thiazol-2-yl A 4e, 5e
6-chloropyridazin-3-yl A 4f, 5f pyridin-2-yl A 4g, 5g
4-methylpyridin-2-yl B (3) (244 mg, 1 mmol) and 2-aminothiazole (4d) (100 mg, 1 mmol) in acetic acid (100%, 5 mL) was heated at the reflux temperature for 2 h. Volatile components were evaporated in vacuo and the oily residue was purified by flash chromatography (ethyl acetate). Fractions containing the product were combined, volatile components were evaporated in vacuo and the residue crystallized from
Methyl 2-[(tert-butoxycarbonyl)amino]-3-[(4-methoxybenzyl)amino]propenoate (5a

